


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1982-03 


Experimental investigation of thrust 
augmenting ejectors using vane excited 
primary jets 


McClellan, Thomas Robert 


Monterey, California. Naval Postgraduate School 
http://hdl.handle.net/10945/20165 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
г DUDLEY research materials and institutional publications created by the NPS community. 
FW чу. Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


ІШ КМОХ appointed — and published — scholarly author. 

ы. LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http: //wwwenps.edu/library 














NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


EXPERIMENTAL INVESTIGATION OF 
THRUST AUGMENTING EJECTORS 
USING VANE EXCITED PRIMARY JETS 


by 


Thomas Robert McClellan 


March 1982 


Thesis Advisor: M. F. Platzer 





Approved for public release; distribution unlimited 


= ( () ° £ а 
7294519 





UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


REPORT DOCUMENTATION PAGE 


4 TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED 


EXPERIMENTAL INVESTIGATION OF 
THRUST AUGMENTING EJECTORS 


Ма 8 sis 
ZA 
- AUTHOR(0) | м | $. CONTRACT OR GRANT NUM Ме) | 


Thomas Robert McClellan 










Master's thesis; 






. PERFORMING ORGANIZATION NAME AND ADDRESS з т, ыа, TASK 


Naval Postgraduate School 


Monterey, California 93940 





Naval Postgraduate School | 13 жаса E 


- MONITORING AGENCY NAME & AODORESS(If different from Controlling Office) 18. SECURITY CLASS. (of thie report) 














Naval Postgraduate School 


Monterey, California 93940 Unclassified 


$a. OECL ASSIFICATION/ OOWNGRADING 
SCHEDULE 


Approved for public release; distribution unlimited. 





. DISTRIBUTION STATEMENT (of thie Report) 


. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If different from Report) 


. SUPPLEMENTARY NOTES 


. KEY WORDS (Continue on reverse side if necessary and identify by block number) 


Thrust Augmentation 
Vane Excited Jet 





20. ABSTRACT (Continue on reverse eide il necessary and identify by block number) 

An experimental investigation has been conducted to evaluate the 
entrainment characteristics of a thrust augmenting ejector, with a small, 
oscillating airfoil inserted in the potential core of the primary jet. 
Velocity distributions were measured across the width of the jet, at 
downstream distances of 20 and 40 nozzle widths, with the jet exhausting 
into still air and with the jet exhausting into an instrumented ejector 
shroud for the. following range of parameters: Pressure ratio 1.137 
and 1.268, amplitude of oscillation 2 5° and 6.97 zero-to-peak 

DD ‚an y3 1473 EDITION OF ! NOV 85 15 OBSOLETE 


ОВ ЕТЕРГЕ O in. 
S/N 0102- LF- 014-6601 SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 





UNCLASSIFIED 


а УРА 
бесом ту с. аонР сатом ОР 70:15 BASE WA Moro Parar. 





frequency of oscillation 0, 20, 40 and 60 Hz. Static pressure distributions 
were measured within the shroud when the jector was installed. The results 
amplify previously conducted studies. Jet spreading and entrainment appear 


to increase with increasing amplitude and frequency of oscillation and to 
decrease with increasing nozzle pressure ratio. 


DD Form, 1473 


UNCLASSIFIED 
Ja ! 
S/N 0102-014-6601 


wage ma 2222 2 220- 
2  SECUMPVY CLASSIFICATION 9 THIS PAGESBREn Date Entered!) 





Approved for public release; distribution unlimited 


Experimental Investigation of 
Thrust Augmenting Ejectors 
Using Vane Excited Primary Jets 


by 


Thomas Robert McClellan 
Lieutenant, United States Navy 
B.S., United States Naval Academy, 1974 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN AERONAUTICAL ENGINEERING 





DUCI CY ALAY ınr 


N SCHOOL 


ABSTRACT 


An experimental investigation has been conducted to evaluate 
the entrainment characteristics of a thrust augmenting ejector, 
with a small, oscillating airfoil inserted in the potential core 
of the primary jet. Velocity distributions were measured across 
the width of the jet, at downstream distances of 20 and 40 nozzle 
widths, with the jet exhausting into still air and with the jet 
exhausting into an instrumented ejector shroud, for the following 
range of parameters: Pressure ratio 1.137 and 1. 268, amplitude 
of oscillation 2.6? and 6.9% zero-to-peak, frequency of oscilla- 
tion 0, 20, 40 and 60 Hz. Static pressure distributions were 
measured within the shroud when the ejector was installed. The 
results amplify previously conducted studies. Jet spreading and 
entrainment appear to increase with increasing amplitude and 
frequency of oscillation and to decrease with increasing nozzle 


pressure ratio. 
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I. INTRODUCTION 


In recent years, considerable effort has been directed towards 
the development of high-performance, fixed-wing aircraft with 
V/STOL capability. This V/STOL requirement presents an immediate 
design dilemma; the powerplant and engine inlet must be of 
sufficient size to produce the large vectored thrust components 
necessary for vertical takeoff or landing, but small enough to 
prevent excessive ram drag and weight penalties from being 


incurred in the fixed-wing mode of operation. 


The two operational high-performance V/STOL aircraft, the 
Soviet YAK-36 and the British-American AV-8B, use the Lift/Lift- 
Cruise Engine and Thrust Vectoring Nozzle concepts, respectively. 


Disadvantages of these two concepts include high jet exit velo- 


cities and temperatures and excessive fuel consumption. 


Another attractive solution to the V/STOL problem is to design 
the propulsion system for conventional flight and to provide the 
aircraft with variable geometry thrust augmenting ejectors, which 
can be faired into the airframe, to boost the available thrust for 
vertical flight regimes. The Rockwell International XFV-12 
utilizes this concept. However, tests to date on the XFV-12 have 
demonstrated insufficient lift from its thrust augmented wings to 


provide a VTOL capability. 
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A thrust augmenting ejector is a device which transfers the 
energy of a high velocity jet into flow with greatly increased 
mass, at reduced velocity. A typical ejector construction is 


diagrammed in figure 1. 


The high velocity jet from the primary nozzle is directed into 
the ejector shroud inlet, where viscous effects, at the edge of 
the jet, cause mixing and entrainment of the surrounding air. As 
this flow progresses downstream, a low pressure area is formed 
within Ёна shroud inlet, thus inducing the secondary flow. The 
thrust of the device is proportional to the net efflux of momentum 


at the shroud exit. 


When designing ejectors for aircraft applications, many of the 
physical parameters of the devices, such as ejector length and 
area ratio, are necessrily constrained by other airframe design 
considerations. Therefore, recent research in the optimization of 
ejector performance has focused primarily on increasing the mixing 
rate of the primary and secondary flows within relatively short, 


low area ratio ejectors. 


The state-of-the-art of thrust augmenting ejectors has been 
reviewed by Viets [Ref. 1] where details about the hypermixing 
principle, employed by the XFV-12 ejectors, as well as other 
promising concepts, can be found. For example, Viets showed that 
jet oscillation can have a beneficial effect on flow entrainment 


and he developed several fluidic nozzles to demonstrate this 
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phenomenon. In general, however, most of the entrainment 
increasing concepts, discussed in [Ref. 1], involve modification 
of the primary nozzle, accepting a decrease in nozzle efficiency, 


in order to increase the overall efficiency of the ejector device. 


Platzer and Simmons [Ref. 2] recently suggested a different 
method for enhancing secondary flow entrainment. A small airfoil, 
situated in the potential core of the primary jet, was excited 
into small pitch oscillations such that both frequency and ampli- 
tude of oscillation could be varied over a significant range. A 
first series of results was reported by Simmons et. al. [Ref. 3] 
for vane excited free-jets using pitot tube and hot wire measure- 
ments. Collins et. al. [Ref. 4] provided additional data on the 
vane excited free-jet utilizing pitot tube, hot wire and laser 


doppler velocimetry measurements. 


It is the objective of the experiments described in the 
following sections to extend the range of parameters measured by 
Simmons et. al. and Collins et. al., and to explore the effective- 


ness of vane excited jets in an actual ejector configuration. 
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II. APPARATUS 


The major components of the experimental apparatus include the 


plenum chamber, nozzle and ejector shroud. 


The plenum chamber is a duplicate of the one used by Collins 
et. al., as described in [Ref. 4], and it is depicted in figures 2 
and 3. Inlet air is provided from a compressor through five one 
inch flexible tubes in the rear face of the chamber. Two honey- 
comb flow straighteners are installed as indicated to reduce 
turbulence. Chamber stagnation pressure and temperature are 


monitored with a manometer and thermocouple respectively. 


Every effort was made to construct the nozzle to provide 
identical exit conditions to those encountered in the previous 
experiments. However, the nozzle assembly was modified 
extensively, from the original flat plate, to one with more 
suitable aerodynamic fairing for use in an ejector. The nozzle 
itself remains unchanged, with length L=300 mm and width h=6 mm. 


The nozzle assembly is illustrated in figures 4 and 5. 


The same vane, which is a symmetric airfoil section, witha 
thickness of 1.3 mm, a span of 360 mm, and a chord of 10 mm, is 
located symmetrically, in the potential core, at 1.42h from the 
nozzle. The vane is supported with two bearings, 4.5 mm thick, 
each, and 123 mm apart, to prevent vane flutter at high nozle 


pressure ratios, thereby reducing the nozzle's aspect ratio to an 
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effective 1:20. Vane and oscillator mechanisms are depicted in 


figures 2, 3, 6 and 7. 


A more complicated vane oscillation mechanism was required to 
remove the electric motor from the shroud inlet area. Variation 
in vane deflection amplitude is accomplished by changing the off- 
center attachment points, or eccentricity (e), of the two cams on 
the drive shaft. The cams were designed to provide vane amplitude 
options of 2.6%, 5.2? апа 6.9% zero to peak. Adjustment of the 
turnbuckles on the push-rods is required after each amplitude 
change to ensure that the vane oscillates about 0? angle of 


attack. 


The vane oscillation frequency is controlled by varying the 
power output of a DC power supply. Frequency readout is available 
on a frequency meter which utilizes a magnetic pickup to "count" 
the passages of six small screws inserted around the circumference 


of the motor shaft extension sleeve. 


Details of the construction of the ejector shroud are provided 
in figures 8 through 17. Shroud length is fixed at 38 in (152h). 
Shroud width is 20 in. Although ejector area ratio is variable, 
and is controlled by adjusting the distance between the top and 
bottom shroud sections, the height between the sections remained 


fixed at 5.5 in (23.3h) throughout the experiment. 


The shroud is instrumented for measurement of static pressures 


along the centerline of the bottom shroud section. Figures 15 and 
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16 diagram the location of the 31 static pressure taps. Figure 17 
illustrates the configuration of the pressure taps. A manometer 


board is used for display of static pressure information. 


Pitot tube alignment points along the top section and right 
side section provide the capability to measure velocity 
distributions at any cross-section in the shroud in both the 


horizontal and vertical directions. 


A pitot-static tube with hole internal diameter 0.74 mm was 
used. The tube has four static holes located symmetrically around 
the periphery at 17 tube diameters from the tip. Identical 
pneumatic capacitors of volume 500 ml were used in-both the total 
pressure and static pressure lines to dampen fluctuations.  Pitot 
tube output is indicated on a manometer. The pitot tube, as well 


a8 the pitot tube alignment stations, are depicted in figure 7. 


16 





ІІІ. EXPERIMENTAL INVESTIGATION 


Two series of velocity measurements were performed. In the 
first series, the jet exhausted into still air and mean velocity 
measurements were made across the width of the jet at its midspan, 
at a distance of 20 and 40 nozzle widths downstream, for the 


following range of parameters: 


Nozzle Pressure Ratio 1.137 1.268 
Jet Exit Reynold Number 5.85 x 104 8.19 х 104 
Vane Amplitude of Oscillation 2.6° 6.99 Zero-to-peak 


Vane Frequency of Oscillation 0, 20, 40, 60 HZ 


In the second series of velocity measurements, the constant 
area ejector shroud was mounted symmetrically, with the nozzle 
exit plane Ea with the shroud inlet plane. Again, mean velo- 
city measurements were made across the ejector height, at its mid- 
span, at distances of 20 and 40 nozzle widths downstream for the 
same range of parameters. In addition, shroud static pressure 


distributions were measured, with the nozzle and shroud in the 


same configuration, for the same range of parameters. 
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IV. RESULTS 


Mean centerline velocity distributions are plotted in figures 
18 through 23 for the vane excited free-jet operating at pressure 
ratios 1.137 and 1.268, vane amplitudes of 2.6° and 6.9° zero to 
peak, and frequencies of oscillation of 0, 20, 40, and 60 H2. 
Tables 1 through 23 give detailed tabulations of these 


distributions. 


The mean velocity distributions at the mid-span of the ejector 
are plotted in figures 24 through 31. These distributions are 


tabulated in tables 24 through 48. 


Static pressure distributions at the mid-span of the ejector 
are shown in figures 32 through 35 and are tabulated in tables 49 


through 62. 


The free-jet and jet with ejector shroud velocity profiles 
were integrated to provide data for mean entrainment calculations. 
In order to provide a uniform method of integration, the free-jet 
curves were arbitrarily terminated at the points on the horizontal 
axis where the value for U/U decreased to 0.1. The curves from 
the ejector measurements were integrated from wall to wall. 
Tabulations of the mean entrainment calculations, where mean 
entrainment is defined as [Q(x)/QOg-1], are provided in tables 63 


and 64. 
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V. DISCUSSION 


The free jet velocity distributions plotted in figures 18 
through 23 show several consistent trends. The vane oscillation 
produces a substantial spreading of the jet which is accompanied 
by a much faster center velocity decay than is obtained for the 
steady jet. The effect of vane frequency of oscillation is seen 
to produce increased spreading with increasing frequency, at least 
up to the highest measured frequency (60 HZ). Also, wanna would 
expect, the spreading increases with increasing vane amplitude, 
but decreases with increasing pressure ratio. The present results 
then confirm the earlier measurements by Simmons et. al. [Ref. 3], 
which were obtained for a rather low pressure ratio and add new 
information about the effect of pressure ratio and also extend the 
frequency range. The present trends are also in agreement with 


the measurements by Collins et. al. [Ref. 4]. 


The velocity distributions, figures 24-31, measured in the 
constant area ejector at 20 and 40 nozzle widths downstream show 
again the effectiveness of vane oscillation on jet spreading. 
While little effect is visible at 20 nozzle widths at the smaller 
vane amplitude (2.69), the larger amplitude (6.99?) produces a 
quite significant effect already at 20 nozzle widths. The effect 
of vane oscillation is again seen quite clearly for both vane 
amplitudes. In fact, for the larger amplitude a rather flat 


distribution is already produced. 
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The vane effectiveness is further corroborated by the static 
pressure distributions. Greater suction peaks are seen to occur 
at the well-rounded ejector inlet with increasing vane amplitude 


and frequency, figures 32 through 35. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


Jet excitation by an oscillating vane situated in the jet's 
potential core produces increased jet spreading and hence 
secondary flow entrainment for the two measured pressure ratios. 
This method therefore may have applications in thrust augmenting 
aircraft ejectors where weight and volume need to be minimized. 
More detailed measurements, especially at higher pressure ratios, 


should be performed in order to assess the potential of this jet 


mixing device. 
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азба 

в 

“Д Qe ud 
а а 


== 


мача 


— 
y= 
— 


от, бло my EA a ر‎ 


Cusen. 


-4 T. — па Еп Гл 


а а 
HI) Oo Tie D ба ono] 


o mm 

bh, 
“ў сс гі 
е 


SION LAA qe oc Тв Ае 


Cp ба а, ЕД Д о Г н бд 


> 


| اا اا اا اة في 
s‏ 
==" 
.= 


Jg cg — 7 — (T, П 


з фа ee къ 


DA AA а ка A pr A — — — مم‎ 
v- 
Ба os LF IF, <} a quem pns. cn, — ood 
L 


а аха ўд аа Ма і 
fa ЕЛ ر کم ا ره‎ 


4 ch) 7 e CR Po Po ca CD sg RR T od 


E ў HM. 


q — — — — — om uo 3 p3 fs 


6144414 
a 


„ру => 


га Г. 
F 
в ә 
= 
A. 
Ж 
=. 
т 
mb 
-— 
à. 
> 


AI es et [аа [ай [аа б a BIN CP, а. md 
га a Кай Бэ 6303 


e po 632 6f up cn ci e run cn c CO P Gn CU 0n CR —J 
Poets bo UN c3 ^J 62 c0 ER + Г» 


C) 658 Cn O9 —J C» CU J Cn c9 P9 ¿n‏ زا ا ل“ ا ا د 


ра 
CO 
аа 
5 Д За іа ў. [аль me 5 
e ° в а 


zu. . 31 я. ч ao aE 
за, И m й Е = Ha, MHS 
23234 au 5. ERST He ade 
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THELE WU 
MEAN CENTEFLIME “ELGEITT DISTEIEUTIOHN DATA 


елек упе THSTALLELD КЕК О ее TOT: llr 

м ЧТ. я РТгЗЕС r I S| [Hii HUE SLE METAS 
"ЯНЕ FREGUENC: P, Hz НЕ Ta: B.D ШЕ, 

BER RATIOS 23. 3 РНЕ ИБ P en IH. 


ap 


STHTIUH eae ШЕШН Н ME г НИЕ 
ЕЮ CINES TO 


= 


= 
Tu 
зай 
а 
== 
ut 
en 
EO 
і 
= © 
8 
-— 
РВ 


1 Kt, Нин а, АН AS 3, Bt 
E п. Фе +. 1 = 4,0414 
n ме еа t ие BH. bul 
d й, 127 Н. ЗЕ 29.85 ЕЕ 
E м. і пе 5 42.2 Mo ah 
E а 25 4.45 44,2 EE 
й E 3. 59 46.7 3. 23 7 
3 41.319 EE Je S 4,120 
E B. 35 4 = ЕЕЕ MW, fee 
ій з. ФАЗ Б. ЙЗ a E 
Ani 1.459 |i] ШЕН і. гЗ 
Ше 1,506 ів. ст "71.94 H, 583 
J B. 345 14.09 ===, 8 E 
14 Ве. 2.92 la a 1. зан 
L5 3.535 3.95 расте д жк 
|Е REST | МЕ RS, Я 4,141 
і г HT Ег 43,9 Й. 1814 
12 й, сте „Чү 45.2 aS 
15 +. 217 й. 44 42.2 MLAS] 
z и. ЗЕ 4,43 qu 5.55 
e Ha. HS 3.34 E @ B gs 
E 3. 354 4,10 za. 3 и. 42 
т Ó.088 я. ЯН B. б я. ная 
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ME LI ME 


DES ЕНГЕ ЕЕ БВ а Га РА А ЛЕ 


=з 


ЧЕ ТОЕ INSTALLED . FEE РЕ ЕЕ 15 
Ша 422.2 FTeSEL A ETH ЕРЕ Wiis 
УННЕ ЕБЕОСШЕНСХ: | “ИЕШЕ ЕЕ РТ ТЩН 2,5 DEL, 

ШШЕН FATIOU: 23.3 Е Ih. 


ЖЕ 
mt 
L 
[ 


STATION ШЕ DELTA H VELOCITY ТЕТ, 
Diamar, KET SSE 


“і 
і 

1 

і 

і 

і 
і 


O ER 
в 
= 
= 

= Ф 
== 
=> 

ul 
е 
= 
— 
3 
444 
а 
„u 
E 
= 
=== 
= 
= 


1 АНЫ НЕ д ls KEN 
= и. ФЕ У. 14 а B. e 
| B. Baz MES Ms EIUS 
4 він 4.43 42.2 B. pad 
2 34.133 4.33 Зв. Ыы. Эе 
Е E 1. 51 47.27 ар 
7 й. ага b. 43.3 = 
= м й. ңг P Sal 
E 8.2654 2.54 15.2 Heels 
18 й. 489 маза lacal 3.2244 
li мт aa m 4. 472 
12 MSA 15.07 “ma, 2 Но пана 
12 2,547 15.86 ЕЕЕ Fino 
14 ПИ а. Ше 1993.8 8.412 
ра B. edm 4.1H IN Е. 
ШЕ, 3.521 1.43 ЭН. г 44.167 
Le Berar п. Б a4. 5 гае. 
13 A 2 БП B. pa 
ШЕ ПИЕ а. 49 42.3 и. ЗБ 
zi й. 5623 B. 47 47.3 а, 134 
E 3. 342 3. 44 43.5 Was] 
ae н. 934 < 35.5 п. гд 
c |. ВАЙ MM. HH BB а. ВАН 


1 
1 
і 
і 
і 
в 
в 
і 
І 
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THELE 2b 
МЕНН CEH 
„ENTER ү 
FLIHE “ELEEITT DI=STFEIEUTI 
EJUS TESI ГІН DA 


EJECTE 
ua “450.8 ET SEL PRESS 
UBNE FREQUENCY: 'ESSURE RATIO: 
m P = e ТШ gun 
AFEA FATIO: ра q 4 HZ ти, p 
ў SPACING 0.25 IM. ec. "de 
Ла = а М. . 


STHTIOH 
Nn A T 
DELTA H en 
„14.420: ү: ДЕ» 
Ё. дема 


1 - 
2 а. ана 
3 A, Ade B. e 
4 НЕЗ ч 4.4 Ls 
s 8.137 8.42 23,8 a. aad 
Š 4.153 а. за 42.3 a. Bed 
E B. 228 de 46.7 d. H3 
3 3.273 il. 47.7 а. Ва? 
З 4.317 8.651 ФЕ. 1 а. аз 
18 а. 364 1.51 gu а. тай 
11 4,403 2.66 PE 8.187 
е 4.435 5.45 197,9 1.135 
13 з. зай = 167.8 В. 223 
14 3.545 15.42 230.0 з. 348 
15 9.591 15445 БР. В В. РЕ 
de 4.536 a. mz 296.4 8. 399 
үг 3.531 4.25 195.9 ES 
13 [PTT la se 122.9 8,411 
13 Ee e a. t в, 252 
zB 8,2817 Я. 55 Е, 1 2.172 
21 B. 863 se 43.5 8.116 
22 A. 303 8.51 47.7 а. 182 
pus 8.954 1. 51 47.2 а. ааз 
1.900 а. 37 vg 2,892 
a. ЯЙ 48,2 з. дай 
Я. а. На: 
В Н, ВАН 
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a “е? 


Leica tere Phe ey TT STR i Bei tay Det A 


EJECTOR IMSTALLED PRESSURE ЕНТІП: 1.137 
= 452.5 FT-SEC КТ ШТ це. ЗЫ HUELE MILTHS 
"НЕ БЕЕШПЕНГІ: 58 HZ “ЕНЕ DEFLECTION: 2.6 DEG. 


mee ЕПТІП: 22.3 A OES I 


-ye 


Ja 


с 


STATION i ШЕШ ЕР ШЕНБЕР Ес цеца 


С По ај А USE 


itu 
п 
= 
at 
Ж 
it 
94) 
гі 
кз 
п 
= 
al 
< 
E 


T 
u 
+ 

г 
в 
= 
=> 
С 
— 
те 
«=> 

в 
те 

ا + 


1 АНЕ ; и 304 
c із. ГЕ, E Sd kl Я. НЕ 
З ATga: н. 47 42.5 Ma HSS 
4 ат а. 52 ау.” ЫЗ 
ca ЕЕЕ AEE 45.1 RB. lin 
É, Не 4.04 45.6 3. 151 
ғ М. аг a su) ТЕ 
з ІШІ ln Bis, = Е А. 142 
а 8. 354 2.55 | ВЕ. 4 es 
18 я, чая 5.52 1F. ES 
|| B. 45858 12.85 Gom Й. аге 
J: Ha HH 18.41 я ЗЛЕ НЕ 3. 254 
13 B. 345 іа зо аа Ma 
14 d а. ан - 138.2 3,411 
lg EL. EE 4.28 125.4 ме | 
12 B. nl E 24.1 а, іга 
ШЕ al cm 8.14 ШЕ FUE 
12 ze HD Hou qu," и. ів 
15 М 8.212 да ще о 3,952 
з и. 262 ЕЕ а г.г Er. pp 
ET B. 388 ЕКЕ! 47,2 и. нас 
ще н. 394 8.4 41.2 и. Ет 
E |. Аня d. НИ H, EB. чан 
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ПЕ ЕЕ Сев 


EN TENTENE СЫ STE IET LA TDF THP 


EJECTOR. IHS ‚TALLET ПРЕ СИЕ look ay 

ІШЕ 422.25 РТУЗЕС AAA. ¿SE ELLE NIDTAS 
“АНЕ ЕЕЕОИЕНСУ: 20 HZ E A E HELD, 

Geen RATIO: 23.3 ACID ts TH. 


STATION E HEU ELIT II 
[Ilo mi ¿FI SEE 


] и, АНИ мн, НА А.Я A, ARA 
E Н. НЧЕ й. 48 41.5 4.887 
= Иа E E a н, 184 
4 Бета 3. 21 КЕ и. 187 
=) ПЕЕ И. БС ЕЕ HM. La 
E й. сао й. во at ES 
T Ken HERES EU 5. 138 
2 Ha Ies Я, 4 4.123 
2 P, 38.4 2.25 е = = H.25 
ій п. Я ТЕ tal 32 ПЕЕ 
E В. 477 14.79 213, 7 NW. 453 
ШЕ B. Sl = SE А 1,439 
J. 41,549 Ша Er 228,4 1. Зее 
14 ка] 23,550 ar B.dzz 
ied A Bob als las е а 
Le Н. 0511 =“. ње ТЕГЕ Е чі ада 
Lm и. таг аа š RE X obs 
12 MM TAS I BE S Uu TL 
13 E A.A 273 mE 1 7 
z а, ЗЕ З a.m tu b 4,143 
=: н, ана ce Е ны 
ae й, 354 На 45,1 У. 188 
т і. Й B. HH ы. A а, ОЙ 
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THELE eH 


ШЕЕ аа ЧЕ ЕЕ thy CTR TEM Tah LATE 


EJECTOR INSTALLED ЕЕЕ ПЕЕШЕ: 
Шат 122.5 FT. s EF ЕІТІТ ІТІСЕТІПН: кк Ma (E WIDTHS 
VAHE FREQUENCY: 48 HZ VAHE DEFLECTION: 6.9 DEG. 

feed RAL: 23.3 IFRC INE 6. 25 IH. 


(i 
ЗЕ 
[-J 


STATION тис DELTA H VELOCITY цей 
гін. наб: CFT © SEC, 


== 


1 H. НЯ B. BH В.Й 4, най 
2 d. ФЕ а. 99 ае З н. 195 
et ЕЕ r mus | EUIS 
4 ПВ Е нота ПЕ | E 
mt 3 3E EE ae. = НЕНІ ТТТ 
Е, й. 2205 ЯН. ГБ Я’. Е A ES 
E HS e sol ве. 4 ыт 
= s cU ET E 
Е 5. 364 4.49 ГЕЕВ ДЕЯ 
ій 4.307 г. БЕ a ПЕЕ 
11 BR. 455 141. ЗЕ ОЕ و‎ 
12 B. md 1 en, 4.451 
Ше 3,545 11,78 ЕА Н. Ра 
14 ШЕ) БІЗШЕ зни й. Ф22 
15 П.БЛЕ Zen 137.3 H.SZe 
16 PEE S Шы. Io esp 
Ше шаран Ее 63.3 Ebo 
12 nme ES F. Ш а 
14 a lee А, гЗ E lI 
ات‎ EES l: зё. І ШЕТЕН 
а Я. зна Ба al А5 
E n. 92d Н.Е пы A, las 
та |, ВАЙ А. Й B. ld EB. Най 
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THELE 30 
(Cee Ee tie РО Ріє РАМИ EUH ТЕН 


SITO IHSTHLLED els ll 

E tS. FY SEL СИИИ ЕЕ ИЛТ лш чш Е 
“АНЕ FREGQUEMIOY: ЕЙ ЕТЕ ЕЕ ЛИЕ Е а ие, 
НЕНА ЕНТІП: 23.2 СЕНЕ “ыт ТІ 


WIDTHS 


«ень 


STATIOH ДР ШЕРІН РІ a ен Цеца 


CITH. HZU 


э” 


TT ET 


1 B. B Ei Н.Е 3. ا‎ B, BEL 
2 MH. ЗЕ B. 54 as. п. 
E М Й. сЕ are & eee 
4 Ша Нес й. тк аа Esp 
5 ЕЕ 2 ШЕТІ aum. VES E 
Ë, ieee и. зі Е 1.123 
З п. 273 1. HE EE н. 14! 
= ieee SHE ‘Ah H., Tas 
= B. 354 4.13 134.3 ШЕШЕ 
ій и. зая D 154.9 Men, 
l 3. 455 Ima cle. 2,447 
12 и. анн 1 - И = М.а гэ 
ШЕ» 4.345 Eds e EIS 4,371 
14 Ш 3. 44 243.8 о 
| 8, ЗЕ Serd ее Е 
і Н.В =. = мо аа 
ШЕ Hes 1.25 E „ТЕЧ 
Це ШІ А. ЗА meer Еі 
19 Hy Н.Н | Figen 
zh Me Mer зб, Й 41.124 
21 я. зна = в МӘЛЕ 
сг a Mar 24.1 СЕИ 
с 1.885 я. НН B. n 8. 2188 
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ІНЕГЕ 31 
шаша THE СЕР ШПІЕТЕГЕПТІИН DATA 


E-ECTUR IMSTRHLLET ВЕЕ Е АЕ ИЕ | Бе 

Шй= 423.0 ЕТУЗЕС ЕЕЕ ЛИВИ 8 ды ЧОЕ WIDTHS 
"HHE FREGNHLIEHC': й НІ REE? Peras Hb ЕВЕ 

A RATIO! 23.3 РЕЛЕ IH. 


STATION eme He Ti H ЕГИП ТТ ШРШ 
"IH. HZ к bo Eb 


1 
і 
і 
І 
1 
і 


1 й. НЙ iM. A А. ا‎ А УМ 
2 Н. ФЕ Во Ще er НЕ 
2 МН Е aus Н, НЕЗ 
4 ir .ا‎ ај ES 4.431 
J ЛЕ Шы» Н.гг нео B. 128 
E Ele an, 1.45 En 4,154 
8 ЦЕ = SE а HE 
= БІЗ 4.51 EE кш зс 
з 41.564 с 176. 4 Be 
ій BH, dp 3.44 lA 8.219 
I 3. 455 J Se 4,471 
ша My See E om 244, 8 4,455 
Le и. 2149 12.44 244.5 ы. зай 
14 лч] J 5 зу ВЕТ 
13 И из з. ЗЫ EB 3. 47 
lė ае 2. 62 ae Гей 
J ВЕЕ Je Е loce n 41.224 
ІШ) Hp с. 144,4 4,214 
13 H.31f ix ce De, 4, 181 
ات‎ Mes 4.24 зок E. й 
zi 4.385 Дре ера, 41.1 2.8524 
ae 4.954 HESS ae Ыы и. ЙЕ 
c 1, ЯЙ п. ВИ 5 я. ани 
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TARCE FE 
ШЕК ЕЕЕ ЫЕ СТ ПІЗІКТЕЙГІШН DATA 


ЕЈЕСТЈЕ IHWSTALLED FRESSURE RATIO: 1.137 

Mas 427.4 ЕТУЗЕС FITÜT LOCATION:  4& HOZZLE HIDTHS 
"HHE FREHIIEHC'Y*: 28 НС “AHE ПЕРБПГЕГТІПНМ: 2. DEL. 

НЕЕН ЕНТІП: 22.2 т зЕВСІМЬ 8.235 ІН. 


і 


STATION үе 


- 1 E | | H H ци Е ® ГІ Г. I [ Pt || E || Қ 
CIH ASI SEND INE 


1 E. en B. dtl B. tl а 
2 В. ЗЕ асо E й. йе 
З й, азс А. 24 38.3 0. ASA 
4 ЕЕ ара ав, et s сі 
= 4,122 ЕЕ ТЕ. 4 ПЕЕ 
E Б шь EB Lum 2 pce 
P 1.272 lo (El E 
= nm Cl a o EEE ERE 
а 1.224 I LR ale = i Иа 
ій B. dua ie Е IE M47 
ІІ 4.455 Doa cue И. ЗЕЕ 
j а, бай 12,68 E 4.44 
Ша 21.040 Е со И 
14 4,521 2.2 Sq. 1 acl 
ДЕ ІЗ. ЕЗБЕ, "SS Ее ПЕ ог 
і 6 Ay esl ШЕ Ie us lS 
ШІ? Pr = ee ا‎ 
і AE ln аа tl. 11 
19 е и ІШЕ в. | 4,14 
ZE Hm. mecs А, БН at га даа 
El B. ada Aa 4H "qus 1 БИШЕ; 
E н. 354 MEE К А n.n) 
cU | AA А. Ай He 0 A, aod 


І 
і 
' 
' 
' 
і 
і 
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ТЕШЕЕ 33 
NE ВНЕ CEL IC TT ПІЗТЕТЕСТІПН ИНІН 


(А ТОМ IHSTALLEL EE NEE ЕШ” 12157 
Has 427.49 ЕТУЗХЕС Peers +H bese RIDTAS 
"АМЕ FREGUEHCY: 48 HZ MEE R SECT COH 2.E DEL, 

ЕТЕН RATIOS 23.3 AI Е За E 


STATION AE DELTA H VELOCITY Leu 
LIH. HD? СЕТАЗЕС; 


— 
ul 


1 и. ВИН B. Ei Н.Н мн, АНИ 
а В. ЧЕ БЕ u п. яга 
= 3. 832 3. 43 42,5 1.4157 
4 Hop Hra З. є ШЕШКЕНІ 
S й. 133 1.47 оа. Б 4,153 
E аа са 153.2 Mae 
г „гт 4.13 IE ET 
= ы үа aa рыза EO s 
E 3, 354 E p 135. 2 Bo aa 
18 4.443 18.58 MINES, Ads 
ni a, + lA ES Я. гг 
ТЕ я. аня 12.54 EA 3 Hi ds 
= Hy S45 11.55 ca, Й й. 479 
і4 па а Е 8,938 
y i. г. ЕЙ Теа РАТНЕ 
15, er a So mbi ТЕНГЕ я, сле 
| В пат ade lues 4,245 
12 Ban SA ZI ОЕ 
Ша 4,317 Am Eos Я 0.141 
2 В. Въз ШЕТІ am. [m 
Ви мн, ЗНЕ із. Фк 42.1 Бора 
шк A. 354 П 21 CI B. dra 
s 1.006 А. ай Н.Й B, ана 
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THELE 34 
МЕВН СЕНТЕЕСІНЕ VELOCITY DISTEIEUTIOHN DATA 


ASE TOR THETALLEL К Ес ШЕЕ cra: 1.2127 

ІЁ 457.4 FTASEL ЕТІПТІ COAT ed: a8 HBZZLE WIDTHS 
'HHE FEEGLIEHCY:  £ el Beet De 2.5 ПЕ. 

Den RATIU: 23.3 Е ЛЕ, DER 


Ce 
а 
== 
r-J 


H 


STATION чи 


г) 


UELTA H EEE ИЯ 
СІН. Най; ЕЕ 


1 
i 
i و“ حم رآ‎ Сі 00 t0 Да ا‎ 


- T 
= 
з 


¡SN 
= 


. 
- б — “шт 


дай: 
в а 
a 
hab 
q £ 


т. 


MA Ga WR 
a 
i ii 
а 
ne c 
T T 
c Ui 
nodo 150 
a ا‎ 
в 
га 
-4 
“а 


= 


ШЕ Hi н.а 
= З й 


ііі 
a 


(CH e CPV OT CI 


— 


аі 
ы а e 
a0 p [0 c ۾ حسم‎ 
т” 
mb 


Ew TU id ў 


-4 F4 4 а" 
а 42 


Гу и а 
a з 


be 
а 
-- 
—_ 


Ca tp co Ра СД Ар ба Гак 
а іші ға 


«p Dto 633 063 7j [3 CP n 


ағат Да [за гъза 


>. 
в 
š ` 
= 
лега 
а 
U 


T 
«de 


4 


Га el To i Ee a а ДЕ гал 
възр fire 3 UC, te 6 а тъ OH C 


у Бэ [Б.а a fia mj iH 
nog 7 0n o Os j KQ: 


[a pa مم حم‎ 


i- і 
з 

пре 

ЈЕ 


LI -E وین ل تل‎ fo poc c ciu 


¡a 
mit 


UST 
Ca CI 


Е Н. 398 ве Е: 2 
3 1. 24 | „БИ ЕЕЕ 3 
PEE 3.52 = 7 
B. г. а Lok. й 
Hi ° Е : 1 Я 

1 


— 
— 
= 
те 
— 


аду ~) У] а v‏ عا ا 


UO ске еол 00 Cl «b P3 71 Ра 


Я) 


а! і 
в 
ғала ы 
== 
-— 


q= 
— 
а 
т. 
„А. 
а 


а ра 7M c 03 c Cn 


BERT 
ma fx Pes boo Д В Да Ха qL ва 


e any gn рТ ЕП 4 б РГ 


26 E? e 7j [33 ЛЗ 


ат. 
ЕЖ 


па Г To IT а [эа 


а іа і 
з 


т кү 
ut 
zi od d 


— 


їз рег Гол юнь > о — — 


і 
эл 
1 


2 sg ds coa 7 7j Vcn] c] 


Г. 
Г. 
быз 
iif 
i 
а 


і 

m+ d 

=== 

— 

— 

+ 

= 

c 

Cu da d aM em ja (uan 
з а a a а є 


* 
^ d 


ma 
UT UT 
ab a Ra (Fí cma p va ROG! 
md 


г 
un 
I, 
а 
і 
= 
ші 
c 
-- 
[nd 
+ 
= 


кл fa СП іча Гаспа 


ат. | رآ‎ yA jJ RUIT 
A Ф. а 


“Т 


A A ЕД га ать Ú 


ale 

a в 
іца і ا‎ 
1 
т. 
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TAELE 35 
В ЕЕ ЕСС URISCIRIEUITIOM DATA 


P r I F IHSTALLED I Hi СЕТІП: 121257 

= 424,40 ЕТУЗЕС БҮЙ И О ЕН Tay: j е HIDTHS 
„АНЕ ЕКЕЕППЕНСҮ: — zE | ТЕТЕ Чањ У TEG. 
ШЕП ЕНТІГІП: 23.3 НОЗЕ БАВИТИ OT SS I 


i 
ima 
T 
IJ 


STATION is DELTA H VELOCITY Wg 


i IH. H2O» “ЕТ-ЗЕС? 


г 


1 Ha, HHH й. ай а.а B. E 
= и. 46, A. $e 42.6 B. 
2 3. 832 EIE cus ELS 
4 Шрек 1.43 то 4. 124 
=: FUSE 2.34 Laa. S „тиз 
E 3,228 3.497 Jes Hes 
г Е 4.25 144.6 4.3401 
= Е Besa 163.3 4,341 
я Н. 254 e sies 1 E 
ій п. 489 2.52 ү е A, dae 
Ни 3.455 ч сан. 4 Я. 1 
] z ES 4.27 Ji 1.417 
13 3.545 3,57 en a.912 
14 4,331 2.93 wie, 3,481 
r3 4.6835 г. фа 173.5 RB. 373 
1Е, 8.521 2. 84 151.4 я, Зе 
8 TER 4.57 148.4 ED 
і Я. ггг ps ШЕТ 1,248 
Ia Ee TS 2.18 2 3.138 
28 3.352 = fa. ĵł ЕЦ mee 
2i 3.355 +, 23 ms Mae 
== н. 954 ПЕЕ iz. ا‎ п. йаа 
c 1. 188 4. 88 А.Я bu rm 


- зо. =з 


ITE 





А Е — ра ра ка ра ра ра ра ра 


I 
"d 
i 


Г 
Ге 
IZ 


f 
p 
& 
d 
bo 


THELE 3b 
fete Cerise VEIT iy DISTEIENTIOH DATA 


Eur IHSTALLED Вес И 1, г 

ЕНЕ I SEE ӘНШ c иг Е WIDTHS 
БЕШЕ ИЕ th He E E қ 3 
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THELE 60 


EJECTOR PRESSURE DISTEIEUTION DATA 
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EJECTOR PRESSURE DISTRIBUTION DATA 
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TABLE 63 
MEAN ENTRAINMENT DATA (FREE JET) 
TABULATED VALUES FOR (Q(X)/9. 71] 
PRESSURE RATIO 1.137 
VANE AMPLITUDE 2.6? ZERO-PEAK 


FREQUENCY (HZ) 0 20 40 60 
PITOT LOCATION 


= 
© 

со 
0 
RON 
е 

vO 
с 
= 
° 

vO 
~, 


| 
| 

20 NOZZLE WIDTHS | 1277 
| 

40 NOZZLE WIDTHS | 3.00 


VANE AMPLITUDE 6.9% ZERO-PEAK 


FREQUENCY (HZ) 0 20 40 60 


PITOT LOCATION 


| | | 
| | | 
20 NOZZLE WIDTHS | 1577 | 2.35. | 2.45 
| | | 
| | | 


| | 
| | 
| 255 | 
| | 
40 NOZZLE WIDTHS 3.00 3.84 4.29 | 4.66 | 
PRESSURE RATIO 1.268 
VANE AMPLITUDE 2.6° ZERO-PEAK 
FREQUENCY (HZ) 0 20 40 60 
PITOT LOCATION 
1.89 1.87 


— 
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“о 
یں‎ 


| 
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| 

40 NOZZLE WIDTHS | 
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FREQUENCY (HZ) 0 20 40 60 


PITOT LOCATION 


N 
° 

O 
9 
~ 
• 

ць 
N 


| | 
| | 
20 NOZZLE WIDTHS | 1.84 | 2.36 
| | 
| | 


40 NOZZLE WIDTHS 
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TABLE 64 
MEAN ENTRAINMENT DATA (EJECTOR INSTALLED) 
TABULATED VALUE FOR [Q(X)/Q.-1] 
PRESSURE RATIO 1.137 


VANE AMPLITUDE 2.6? ZERO-PEAK 


FREQUENCY (HZ) 0 20 40 60 


PITOT LOCATION 


+ 
° 
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UJ 


| 
| 
| 4.97 
| 
| 


л 
° 

о 
0) 


| 
| 
20 NOZZLE WIDTHS | 4.19 
| 
40 NOZZLE WIDTHS | 
PRESSURE RATIO 1.268 


VANE AMPLITUDE 2.6° ZERO-PEAK 


FREQUENCY (HZ) 0 20 40 60 


PITOT LOCATION 


Ul 
9 

о 
=> 
(я 
е 

о 
мо 


| | 
| | 

20 NOZZLE WIDTHS | 4.744 | 4.99 
| | 

40 NOZZLE WIDTHS | | 


VANE AMPLITUDE 6.9° ZERO-PEAK 


FREQUENCY (HZ) 0 20 40 60 


PITOT LOCATION 


Ul 
e 

UJ 
UJ 


| | | 
| | | 

20 NOZZLE WIDTHS | 4.74 | 5.14 | 5.28 
| | | 

40 NOZZLE WIDTHS | | | 


140 





1. 


LIST OF REFERENCES 


Aerospace Research Laboratories Report 75-0224, Thrust 
Augmenting Ejectors, by Hermann Viets, June 1975. 


Platzer, M. F., Simmons, J. M., and Bremhorst, K., 
"Entrainment Characteristics of Unsteady Jets", AIAA Journal, 


University of Queensland Department of Mechanical Engineering 


Report 10-79, Jet Excitation by an Oscillating Vane, by J. M. 
Simmons, J. C. S. Lai and M. F. Platzer. August 1979. 


Collins, D. J., Platzer, M. F., Lai, J. C. S. and Simmons, J. M., 
"Experimental Investigation of Oscillating Subsonic Jets", 
Symposium on Numerical and Physical Aspects of Aerodynamic Flows, 
Long Beach, CA, 19-21 January 1981, to be published by Springer - 
New York. 


141 





INITIAL DISTRIBUTION LIST 


No. Copies 


Defense Technical Information Center 2 
Cameron Station 
Alexandria, Virgina 22314 


Library, Code 0142 2 
Naval Postgraduate School 
Monterey, California 93940 


Professor M. F. Platzer 5 
Code 67 

Department of Aeronautics 

Naval Postgraduate School 

Monterey, California 93940 


Professor D. J. Collins 1 
Code 67Co 

Department of Aeronautics 

Naval Postgraduate School 

Monterey, California 93940 


LT Thomas R. McClellan 1 
Weapons Deparment 

USS NIMITZ (CVN 68) 

FPO New York, New York 09542 


.Dr. Hermann Viets 1 


Associate Dean of Research 
West Virginia University 
Morgantown, West Virginia 26506 


Dr. Helmut H. Korst ] 
Professor of Mechanical Engineering 

University of Illinois 

Urbana-Champaign, Illinois 61820 


Dr. G. Heiche 1 
Research Administrator 

Code AIR-310 

Naval Air Systems Command 

Washington, DC 20361 


Dr. John M. Simmons 1 
Reader in Mechanical Engineering 

University of Queensland 

St. Lucia - Brisbane 

Australia 4067 


142 














Трезіз 
M1697 McClellan 
cal Experimental inves- 


tigation of thrust 

augmenting ejectors 
using vane excited 

primary jets. 





